Abstract: Thin films of mixed of Copper Phthalocyanine (CuPc) and Nickel Phthalocyanine (NiPc) are deposited onto a pure glass substrate by a simultaneous thermal evaporation technique at room temperature. The material D.C electrical conductivity of films at room temperature and also films annealed at 523 K has been investigated. The optical absorption and band gaps of the films are also measured. The results show that the electrical resistance is lower for the mixed films compared with the pure samples and also the optical band gap decreases for the mixed samples compared to the pure samples.
Introduction
Organic thin films are highly stable semi conductors, which are mostly p type, that have attracted much attention because of their low cost and high thermal and chemical stability. They are comprised of both metal free Phthalocyanine, which contains two Hydrogen atoms in the centre of the molecule, and also the various metal substituted forms where the Hydrogen atoms are replaced by a single metal atom. In the last two decades there has been considerable interest in the study of the electrical and optical properties of both types of Phthalocyanines. Phthalocyanines are widely used as gas sensors [1, 2] and liquid crystal colour display systems [3] . Many of the materials, incorporating different metals, have been used for molecular switching and photovoltaic devices [4, 5] . The electrical conductivity of these thin films shows ohmic conduction at low voltages and space charge limited conduction (SCLC) at high voltages [6] . The light absorbing properties of the Phthalocyanine, in the visible and in the infrared regions, is of much importance in the conversion of solar to electrical energy. The electrical, optical and structural properties of many of these thin films, as prepared from different techniques, have already been reported [7] . The electrical and optical properties of these organic thin films largely depend on the evaporation rate, substrate temperature and post evaporation annealing. The earlier works [8] in this field established that the electrical conductivity and activation energy of pure Phthalocyanines exhibit a marked dependence on the impurity concentrations. In the application of solar cells lowering the resistance is a desirable property in the short circuit photo current and open circuit photo potential. For the first time the properties of mixed Phthalocyanines have been studied. In the present work two different Phthalocyanines are mixed together in equal proportions and thin films of these combinations are prepared. The activation energy, electrical conductivity and the optical band gap of these samples are measured. Torr. In order to get a uniform and fair mixing of the two Phthalocyanines the mixed vapour is passed through a tungsten helix filament, which is kept just above the boats. An additional power supply is used for heating this filament. Thin films of mixed Phthalocyanines are deposited onto a pre-cleaned glass substrate at room temperature. During the evaporation process the pressure is kept steady by a diffusion pump backed by an oil-sealed rotary pump. The evaporation rate and the evaporation time are well monitored to get the different sample films with uniform thickness and with the two Phthalocyanines in almost equal proportions. To ensure films of nearly equal proportions, only films that are kept very close and just above the boats are used for study and measurements. It was reported earlier from our lab that the electrical and optical properties of thin films very much depends on the substrate temperature, evaporation rate, film thickness and doping concentrations. Electrical conductivity measurements have been performed by a standard four-probe method, using a stabilized power supply and a Kethley programmable electrometer in the 300 K -600 K temperature range in a subsidiary vacuum system at a pressure of approximately 10
Experimental details
Torr. To study the dependence of annealing on the electrical conductivity, the samples are kept in a constant temperature furnace at 573 K for one hour. Extreme care is taken to make sure that the films get uniform heating over the whole area. After cooling the films to room temperature electrical conductivity measurements are performed again. For the thickness measurements of the films a few samples have a thin layer of silver coated over the Phthalocyanine film to form a step between the film and the silver layer. Using a sensitive microscope to measure the shift produced in the fringes, the film thickness is measured by the Tolanskys multiple beam technique [9] . To study the optical properties, the absorption spectra of the samples are measured using a Schimadzu Spectrophotometer in the 300 to 900 nm range for the normal and also for the annealed samples.
Results and discussions
Electrical conductivity studies are made on the samples in an attempt to determine the activation energy. Figure 1 plots the temperature dependence of the D.C electrical conductivity (σ) of the mixed CuPc&NiPc from 300 K to 600 K-temperature ranges for different film thickness. The variation is almost a straight line, which is of an Arrhenius type of relationship such as
where σ 0 is the pre-exponential factor, k is the Boltzman's constant and ∆E the thermal activation energy. The slope of the graph is used to calculate the activation energy of the sample. Activation energies of the different samples are calculated and tabulated in Table 1. From our study we report that the activation energy for the mixed Phthalocyanines is approximately 70% lower than for the pure samples. Figure 2 shows the variation of the electrical conductivity (σ) of the films annealed at 523 K. The activation energies of the annealed Phthalocyanines films are tabulated in Table 2 . For the pure samples the activation energy has a strong dependence on the annealing temperature [10] . For the mixed Phthalocyanine, however, we find that even though the activation energy decreases with annealing its variation is modest compared to pure annealed films. The recorded absorption spectra of mixed CuPc&NiPc thin film of thickness 102 nm at room temperature, as measured by a Schimadzu Spectrophotometer, is shown in Figure 3 . The absorption is measured from 300 nm to 900 nm in steps of 10 nm. This demonstrates the behaviour of the percentage of absorption verses photon energy (hν). For the mixed samples the peaks that are observed at 350 -400 nm and at 550 -750 nm are broadened compared with the pure samples. The spectrum observed for Phthalocyanines originates from molecular orbits within the aromatic eighteen π electrons system and from overlapping orbital on the central metal atom. The Q band of 500 -750 nm and the B band of 250 -400 nm are well separated. These bands are slightly broadened in the case of annealed films. The characteristic optical spectrum is dominated by the direct allowed electronic transition of π to π * . The absorption α is related to the photon energy hν by the relation,
where E g is the Energy gap and the index n = 1/2 for direct allowed transition and n = 3/2 for direct forbidden transitions. For the indirect and allowed case n = 2 and for the forbidden case n = 3. The magnitude of n can be estimated from the slope of the graph of Log α versus Log (hν), which is plotted in Figure 4 . From the slope of the graph it is clear that the absorption is a direct allowed transition. Hence on a plot of α 2 verses photon energy hν, the intercept on the energy axis correspods to the absorption edge. Figure 5 is the plot of α 2 verses photon energy hν for the different samples. In the present work the energy band gap of the different samples are given in Table 3 . The intense absorption maximum for Phthalocyanine is a matter of great interest for optical data storage and security printing. Furthermore, these films can be used in the field of selective transmission and absorption of solar energy and its conversion to thermal energy. These films are opaque to the visible region of light so that all the energy is absorbed, but highly transparent in the IR region so that absorption and emission of radiation is at a minimum. For the mixed Phthalocyanines the absorption range is greatly increased; there is high absorption in the UV region (250 nm -400 nm) and in the visible range up to IR (550 nm to 800 nm). The absorption is lowest from Violet to Green (from 400 nm to 500 nm).
Conclusion
From our study of the optical absorption measurements we report that the absorption mechanism of the mixed Phthalocyanines is due to direct allowed transition. The optical energy gap is lowered for the mixed Phthalocyanines compared to the pure Phthalocyanine. It is found that the mixture of CuPc and NiPc has a unique property of high optical absorbance in the 500 nm -800 nm range and relatively high transmission in the 400 nm -500 nm range. Hence this can be used as a good selective optical absorption coating in the visible region at room temperature. The electrical conductivity and the activation energy are also greatly dependent on the NiPc concentration. The activation energy is much lower for the mixed Phthalocyanines compared with the pure samples. Even though the activation energy for the mixed Phthalocyanines decreases with annealing, this variation is modest compared to that for pure Phthalocyanines.
